Abstract-BetaBox, a direct detection beta camera utilizing a 13.5xl3. comparable image quality to the previous signal chain using the CR-110 but also reduced image distortion at high count rates.
I. INTRODUCTION
H oll et al. [1] , in their study of readout of avalanche photodiodes (APDs), found that transimpedance amplifiers provided better count rate performance compared to charge sensitive amplifiers. However, they also commented that charge sensitive amplifiers outperformed transimpedance amplifiers in noise performance. Still, the above mentioned study was done on APDs with gains of 50-100 whereas the work presented here is on PSAPDs with gains of approximately 1000. This 10-20 fold increase in signal suggests better noise performance of the PSAPDs compared to the APDs used by Holl et al. and presents the trans impedance amplifier as an attractive solution to test any count rate limitations of the original beta camera [2] . Furthermore, past work with these devices characterize them as an array of photodiodes with an integral array of resistors to encode position [3] . Therefore, the equivalent circuit of the PSAPD appears more like a charge division network loaded by a large semiconductor junction capacitance (-150 pF) than an APD. This signal source can be optimally processed using the transimpedance amplifier approach. This work presents the modified signal processing chain of the beta camera.
II. MATERIALS AND METHODS
The five outputs of a 13.5 x 13.5mm 2 active area PSAPD first pass through high speed FET input op-amps (AD8066AR) configured as trans impedance amplifiers with a lOOns RC time constant. The input stage feedback network values were selected so that the resistor would provide the highest conversion gain possible and still allow for a finite parallel capacitance necessary to compensate for the large PSAPD capacitance and maintain circuit stability. This is followed by a gain stage (AD8002AR) to provide for volt level signals, and then shaping amplifiers. Shaping times of 0.2Ils, 0.5 Ils, LOllS, 1.51lS, and 3.01ls available from NIM modules (Ortec 855, CAEN N568B) were tested for optimization of the signal chain using a collimated source of TI-204 electrons. This source was used because it produces electrons with similar energy spectrum as the positrons emitted from F-18. The shaped sum signal then passes to a threshold comparator (EG&G Tl222) which produces event trigger pulses to four custom-built sample and hold (S/H) circuits (53ns acquisition time, 6J.1.s hold time) and to initiate an analog to digital conversion of the positioning channels using a simultaneous sampling data acquisition system (DAQ) (National Instruments PCI-6143) (Fig. 1 ). Image quality was assessed using a phantom consisting of a 14x14 array of O.3mm diameter point sources of F -18. Image distortion as a function of count rate was considered by examining image distortion as a function of count rate produced from two hot spots of F-18. To validate results, signals from the CR-ll 0 as well as the newly designed trans impedance preamplifier were sent into a Virtex 4 FPGA based data acquisition system (Lyrtech Virtex 4, Quebec City, Quebec) and processed in order to compare count rate and image distortion.
A.
III. TESTS AND RESULTS

Evaluation of shaping time
A 1 mm diameter tungsten collimator was positioned 3mm off center towards one comer of the PSAPD. A TI-204 source (Emax=763.7keV) was placed on top of the tungsten collimator. For each shaping time, a beta distribution image was created using the algorithm proposed by Zhang [4] (Fig. 2a) . The horizontal and vertical projections of the resulting beta distribution were compared to the ideal distribution (i.e no spatial blurring caused by the PSAPD or the readout) simulated using Gate [5] . The full width half maximum (FWHM) and full width tenth maximum (FWTM) were calculated to determine the appropriate shaping time (Fig. 2b  c) . Both projections demonstrate the same trend. Examining the FWHM and FWTM values as a function of shaping times suggests an optimal value between 0.5-1.0IlS.
B. Image quality
Shaping times of 0.51ls and 1.01ls were further analyzed. A 14x14 array of 0.3mm diameter point sources (pitch= Imm) was printed with F-18 in an ink solution [6] . The printed source was positioned directly onto the PSAPD. Images were acquired and assessed to determine spatial separation of the points (Fig. 3 ). Images were acquired at approximately 300 counts per second. Images were similar in quality to those produced using charge sensitive amplifiers. Both shaping times resulted in images in which 12 points could be distinguished along both the center row and the center column.
C. Distortion vs. Measured count rate
Measured count rate (Fig. 4a ) and image distortion (Fig. 4b e) were examined with two hot spots (diameter � 1.6mm) of approximately the same activity of F -18 separated by 5mm. Fig. 4b shows a sample image at �8.4IlCi total activity. Fig. 4c shows the resulting image at �0.3IlCi. Each image was projected onto the horizontal axis (Fig. 4d) . For each column, the distortion metric was calculated as a sum of squared differences:
Each column, c, of the projected image at a count rate above 5,000S· I , free), was subtracted by the corresponding column of the projected image at a count rate of 5,000s'\ fs,ooo(e).
Subtracted values were then squared and summed together. Transimpedance followed by 1,000ns shaping performed the worst, whereas trans impedance followed by 500ns c. e.
shaping performed the best (Fig. 4e) .
D. DeadTime
Nonparalyzable model was used to estimate dead time utilizing [7] :
where m is the measured count rate, II. is the decay constant, T is the dead time, and no is the initial true count rate (Table 1) . As expected the dead time is about 6J1.s which is the conversion time required for the data acquisition system used. 
E. Comparison of preamplifier performance using Digital Signal Processing (DSP)
The transimpedence preamplifier outputs were directly connected to the Lyrtech Virtex 4 OAQ for OSP. The charge sensitive preamplifier outputs were shaped (200ns shaping time) and connected to the Virtex 4. Fig. 6 compares count rate and distortion performance of the two circuit configurations, and demonstrates better performance using the trans impedance approach.
IV. CONCLUSION
The signal processing chain incorporating the transimpedance amplifier frontend electronics followed by a 500ns shaping amplifier demonstrates better performance compared to the commonly used charge sensitive amplifier approach. This suggests that the 1000 fold gain of the PSAPO is sufficient to allow effective readout with a transimpedance amplifier without sacrificing noise performance.
